with a friend of mine and we hitchhiked up Africa for 5 months. I carried a letter from Nelson Mandela introducing me to other militant groups. Then I went to Israel for a year to do engineering, but eventually got a scholarship to Imperial College (London, UK) to do more soil mechanics. By chance, a friend of mine, who knew I wanted to give up engineering, read an article where Swann and Mitchison 3 were looking at the mechanical properties of the cell membrane in relation to cytokinesis. He said: "Lewis, this is what you must do!".
King's and sea urchins
And so I changed directions and went to King's College (London, UK) where my friend was going, and that's where I did a Ph.D. under Danielli 4 . By then I was older than my contemporaries -4 years older. I think my engineering really helped. And I still (A,B) , respectively. If reciprocal tissue transplants (C) are made at an early stage between the two species, the transplanted cells are predicted to develop according to their own genome and developmental history, but to read the positional information in the host positional field. Thus they develop as an island of donor-type pattern that is appropriate to the host positional information (D,E). Based on Fig. 5 in (Wolpert, 1969) .
formation -in fact, I invented the term pattern formation -you could get the same pattern over a variety of sizes. Halving a sea urchin embryo gave you two smaller sea urchins. We had a little informal group discussing this at King's and I realise that you had the same thing with flags, and I so I asked "how do you make a French flag?" and we came up with gradients.
So this is the crucial step -you published your paper in 1969. Would you say that coming up with your ideas was a 'eureka' moment?
For me it was. There were a set of meetings (Union Internationale des Sciences Biologiques, 1968) that Waddington was having, at Villa Serbelloni on Lake Como, on theoretical biology , and Waddington liked me, and I used to go to them. That's the place where I first introduced the French Flag model. And then I was invited to Woods Hole in 1968 claim that from my Ph.D., my model for cytokinesis is right, and there is increasing evidence that it is. It is still not generally accepted, although more people are coming round to at least considering it. That was my astral relaxation theory which is that the cell rounds up, so there is tension everywhere, and then the asters let the poles relax and so it goes in at the middle (Wolpert, 1960) .
After the Ph.D., I got an assistant lectureship at King's (College, London) in zoology; there was no such thing as developmental biology in those days. I started working on sea urchin eggs and also amoebae, because Danielli worked on amoebae. Charles O'Neil was my first Ph.D. student. He did a brilliant Ph.D., isolating the membrane of amoebae, labeling it with a fluorescent antibody then putting it back on the cell and showing that the membrane was fluid. It made a Nature paper (O'Neill and Wolpert, 1962) which is very rarely cited! I worked on sea urchin eggs in Bangor and at a marine station in Scotland. It was a bit lonely there, and I noticed that a lot of other people working on sea urchins went to a marine station in Sweden -Kristineberg. So the next year I went to Kristineberg and that's where I met Trygve Gustafson. He was wonderful, and we started collaborating on sea urchin development Wolpert, 1961a,b,c, 1962; 1963; Wolpert and Gustafson, 1961a . We got on extremely well and we had wonderful time. I went there for successive years and then I got married and couldn't go there anymore in the summer. So I moved to Hydra and pattern formation.
The French Flag
I was trying to figure out the problem of size-dependent regulation. I started to think of the problem in terms of a French Flag, and then, over a few days, everything fell into place. Because of Hydra and sea urchins, I'd got the French Flag problem. From working with sea urchins I realised that pattern and gave one of the Friday night lectures and spoke about gradients and pattern formation. Nobody would speak to me after the lecture or the next day; they hated it so much. And I said to one of my friends the next day, "What is going on?". He 
What happened after your lecture?
They wouldn't even talk to me. Fortunately -and I have said this before -Sydney Brenner was at the lecture and he found me, as he says, crying in the water -I was severely depressed. Here was this wonderful idea and nobody was listening. Sydney said: "Lewis, pay no attention whatsoever. Francis Crick and I think this is very interesting". Sydney rescued me from a severe depression. Gradients had a very bad reputation and people were very hostile about it.
Anyhow, then I started on Hydra with Gerry Webster and we made a little progress (Webster and Wolpert, 1966) . I was at King's for almost 10 years and was promoted up to a readership, and then I got an offer in 1966 to go the Middlesex Hospital Medical School (London, UK) [Now part of University College, London, UK] as professor of biology as applied to medicine.
Chick limbs at the Middlesex
I felt that a Medical School wasn't quite the place for Hydra, and so I looked around for something and decided on the chick limb (Tickle, 2002) . Amata Hornbruch was my hands, doing all the transplant experiments -and we never had an argument! She was already at the Middlesex Hospital when I got there. We did some Hydra to begin with, with Judy Hicklin (Hicklin et al., 1969; Wolpert et al., 1971) , and then we moved onto the limb.
Presumably you feel that your diffusible morphogen gradient is vindicated now?
No!
What do you mean?
It's much more complicated. The irony is that a paper will come out shortly in Cell, in which Michel Kerszberg and I say that diffusible gradients are out (Kerszberg and Wolpert, 2007) . I still believe in positional information, but the idea that you could reliably specify it with a diffusible molecule, we have decided, is out of the question. It must be direct cell-cell contact, a sort of Lawrence and Struhl model for polarity, where one molecule binds on one side of the cell and this precludes binding on the other side (Lawrence et al., 2007) . So it has to be something much more reliable than diffusion, and several people have begun to realise that diffusion can't do it. Retinoic acid and sonic hedgehog as diffusible morphogens -it is too complicated and too messy.
So, is positional information is still in?
Oh yes, I still believe in positional information. The best evidence for positional information comes from experiments on intercalation. You know, those old experiments on the cockroach leg where you cut out a piece and it intercalates the missing piece. And then regeneration of course… You mean the urodele experiments where you cut off the limb at different proximodistal levels, and it knows exactly how much to grow back?
Absolutely!
In the 1969 paper, you made a point about developmental fields being small. Yes, and that made Francis Crick think it was diffusion, you see. It's just not diffusion. Well, that's our line at the moment [laughing] .
In your work on pattern formation, you didn't make much of evolutionary implications. In your 1969 article, you constantly talk about universality?
Yes I do. I have not worked on evolution, and I am not good at it. It must be nice to be a creationist because you don't have to do any science and struggle with the diificulty of how things evolved. 
